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Part of the difficulty in developing physically based models of shock initiation which have genuine predictive capability is that insufficient constraints are often imposed: modeis ire most often applied to very limited data sets which encompass very narrow parameter ranges. Therefore, it seems to be of considerable value to examine the rather large existing shock initiation database to identify trends, similarities, and differences, which predictive models must describe, if they are to be of genuinely utility.
In this paper, existing open-literature data for shock initiation of detonation of heterogeneous explosives in onedimensional geometries have been examined. The intent wa's to identify andwhere possible, isolate -physically measurable and controllable parameter effects. Plastic bonded explosives with a variety of different binders and binder concentrations were examined. Data for different pressed explosive particulate materials and particle size distributions were reviewed. Effects of porosity were examined in both binderless and particle-matrix compositions. Effects of inert and reactive binders, and inert and reactive particle fills were examineh. h several instances, the calculated data used by the original authors in their analysis was recalcuiatd to correct for discrepancies and errors in the original analysis.
Porositv Effects
The effects of porosity upon the buildup process can be manifest @rough ch&ges in the Hugoniot, or changes in hotspot formation and subsequent growth. The effects of HugoGot changes upon the buildup process can be greatly reduced by examining the data in the particle. velocity -time to detonation plane. This ck be seen by comparing Figure 1 The buildup data become linear when plotted in the 1/Up -Upo) versus time to detonation plane, where Up is the particle velocity, and Up" can be interpreted as a threshold velocity. As an .
example, the data for the initiation of tetryl at an initial density of 1.40 g/cm3 are shown in Figure   3 . A plot of residuals is shown in Figure 4 . All the data examined in this study showed the linear behavior displayed here. However, many of the data sets were quite sparse. Residuals for the data displayed in Figure 3 . A problem of plots of the data in the l/(Up -Upo) vs. t plane is that the curve fits are quite sensitive to errors in measurements at low particle velocities.
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No choice of Upo would simultaneously linearize the data for tetryl and allow the data for all initial porosities to,collapse to a single curve. Evidently, for porous tetryl, both the threshold velocity-and the buildup process are significantly influenced by porosity. (However, see results presented later in the paper for other systems, where an appropriate choice of Upo not only provided linear relationships, but also caused the data sets for initiation of explosives with different initial porosities to collapse to a single curve.) The values of Upo which provided the highest degree of -.
e linearity for each data set for the porous tetryl are shown in Figure 5 .
T e t r y l influenced by the data points very near the threshold velocity (see Figure 4 ) .
The general behavior for tetryl was also found to hold for porous PETN (2). However, the PETN data have considerably more scatter, and data were reported for only two initial densities, so they are not discussed further here.
As noted above, the data for porous compacts of explosives without binders showed a ~~, but significant dependence of the threshold velocity upon porosity. The effect of this dependence gets magnified, of course, when transformed to other frames (P vs. t, Us vs. x, etc.). For the plastic bonded explosives examined, the threshold velocity (Upo) was found to essentially independent of porosity, except at very low porosities. The largest database examined is that for PBX 9404 (2). The buildup curve for PBX 9404 is shown in Figure 6 . This plot contains data sets for initial For PBX 9404, note lack of dependence of Up" upon porosity for all but the lowest porosity.
Threshold Velocity versus Porosi

Effects of Particle S i x
The data of Simpson et al (4) are for systems with relatively low particulate volume fraction (56 to 72%), and thus are likely to provide insight into particle size effects unperturbed by particle fracture associated with pressing higher volume fractions to low porosity. Figures 8 and 9 show Simpson et al's data for HMX/FEFO replotted in the l/(Up-Up") vs. time plane. These figures clearly show that by proper choice of Up' , all the data collapse onto a single curve. Times to detonation used here were based upon Simpson's run to detonation values and the raw x-t data.
That there is a strong effect of particle size upon the ignition threshold is manifested in the differing Upo values. The two data sets for 60 micron particles had different volume percents of particulates, as is shown in the table, above. The threshold velocity for the 60 micron material at the 56% HMX content is higher than that for the 72% system. This is likely to be a manifestation of scatter 6 crystals in order to eliminate intragranular voids. Unfortunately, the database is too small to determine the extent to which this trend persists across all PBXs. 
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Effects of Particle Si%
The data of Simpson et al (4) are for system with relatively low particulate volume fraction (56 to 72%), and thus are likely to provide insight into particle size effects unperturbed by particle fracture associated with pressing higher volume fractions to low porosity. Figures 8 and 9 show Simpson et al's data for HMX/FEFO replotted in the l/(Up-Upo) vs. time plane. These figures clearly show that by proper choice of Up", all the data collapse onto a single curve. Times to detonation used here were based upon Simpson's run to detonation values and the raw x-t data.
That there is a strong effect of particle size upon the ignition threshold is manifested in the differing
Up" values. The two data sets for 60 micron particles had different volume percents of particulates, as is shown in the table, above. The threshold velocity for the 60 micron material at the 56% HMX content is higher than that for the 72% system. This is likely to be a manifestation of scatter in the data, rather than a real effect. Simpson's data for HMX/H20 appear to follow similar behavior, but require further analysis. They will be discussed in the full paper. . The values of Upo were found to be sensitive to the particle size. However, there is no noticeable effect of particle size upon the buildup process, for these particle sizes. Shock initiation data were reviewed with the intent of identifying trends which might be helpful to the development of initiation models. All of the buildup data examined to date exhibited a linear behavior when plotted in the l/(Up-Up") versus t plane. This was true for plastic bonded explosives, porous compacts and explosives such as H M X / / H 2 0 , where the matrix phase is unreactive, and nitromethandglass, and nitromethane/Al203, where the particulate material is unreactive, but present as a mechanical sensitizer. (These latter systems are not discussed here, but are discussed in the full paper).
HMWFEFO
Surprisingly, the choice of an appropriate Upo not only linearized the data for several system (PBX 9404 and PBX 9501, for example), but also caused the data for different porosities to collapse to a single curve. The data for PBX 9404 were well-characterized by a single value of Up", for all but the smallest porosity. The systems HMX/FEFO and HMX/H20, where the volume fraction of the particulates was sufficiently low that one would not expect particle damage to result from the preparation process, showed significant sensitivity of Upo to particle size. However, for proper choice of Upo, the data for different particle sizes collapsed to a single curve in the 1/Up -Up") versus t plane.
Porous compacts prepared without binder showed significant sensitivity of threshold velocity to porosity. For these systems, it was impossible to collapse the data for several porosities to a single curve. As porous materials are compacted to different final porosities, other investigations have shown that considerable microstructural change is introduced, including elimination of intergranular porosity, fracture of grains and, finally, elimination of intragranular voids. The final microstructure is a result of the particular processing history, as well as the h a l porosity. Thus, one should expect to find considerable variability in the dependence of initiation behavior upon porosity. The collected data suggest that the initiation process is sensitive to these microstructural details, which in turn are sensitive to the particular processing procedures used.
